I
nfants with single cardiac ventricle anatomy and physiology continue to be among the most challenging patients to manage in the field of critical congenital heart disease. Although there have been many advances in both surgical techniques and perioperative care for infants and children with these lesions, morbidity and mortality in this patient population remain high, especially in those infants born with hypoplastic left heart syndrome or one of its variants. [1] [2] [3] [4] The highest risk for their mortality occurs during the interstage period between stage I and stage II of their 3-stage surgical palliation. [4] [5] [6] [7] A study at our institution demonstrated an important role of the emergency department in the management of these infants during this period. 5 In this study, the emergency department was used often and, for most of these infants, disease acuity at presentation was high. These data were corroborated by a more recent secondary analysis of the single ventricle reconstruction trial, a large multicenter randomized clinical trial comparing 2 different methods of stage I surgical palliation, in which 10 infants from this trial died in emergency departments before their stage II palliation and numerous others were re-admitted to the hospital. 6 These studies support the need for education focusing on this unique and complicated patient population aimed at emergency department health professionals, especially given the fact that the majority of the emergency department physicians surveyed in our initial study were "uncomfortable" or "worried" with regard to the management of these infants. 5 The role of the emergency department between stage II and stage III is less well-defined. Data on the incidence of and reasons for emergency use during this period has not been previously published. The aim of this study was to further evaluate the importance of the emergency department in the management of infants and children with single ventricle anatomy and physiology by reviewing the extent to which it was used between stage II and stage III surgical palliations. We hypothesized that during this period, emergency department visitation would continue to be frequent and acuity on presentation would be high. If so, these data would provide further support for education efforts to enhance awareness of these patients within emergency department community.
METHODS
After receiving institutional board review approval from Wayne State University and Detroit Medical Center, we performed a retrospective chart review for all patients undergoing stage II palliation for single ventricle anatomy between the years 2006 and 2011 at Children's Hospital of Michigan. All emergency department visits from our institution that occurred between January 2006 and June 2012 were included in the study. Briefly, within the first 2 weeks of life, infants at our institution typically receive, in the majority of cases, either a systemic-to-pulmonary artery shunt for patients with a dominant left ventricle or a traditional Norwood (ie, aortic reconstruction with Blalock-Taussig shunt) or hybrid procedure for patients with hypoplastic left heart syndrome of one of its variants. 8 The goal of the first stage of the palliation is to allow the functional single ventricle to provide blood flow to both the systemic and pulmonary circulations. For patients with hypoplastic left heart, both the Norwood and hybrid procedures can achieve this goal but the hybrid procedure avoids the need for cardiac bypass and is typically reserved for high-risk patients. 8 Stage II palliation involves a superior vena cava-to-pulmonary artery anastomosis (ie, Hemi-Fontan or Bidirectional Glenn procedure), to decrease volume load on the single ventricle. 8 Both of these procedures ultimately result in pulmonary blood flow provided by blood from the superior vena cava being passively directed to the pulmonary artery. Figure 1 depicts the final stage II palliation anatomy.
Age, sex, weight, growth percentile, cardiac lesion, dominant ventricle, type of surgical procedure, postoperative complications, postoperative length of stay, ventricular function on discharge echocardiogram, presence of greater than mild atrioventricular valve regurgitation at discharge, cardiac rhythm at discharge, number of emergency department visits, chief complaint and diagnosis for each visit, as well as emergency department disposition were recorded for each patient. Continuous variables are provided as median with interquartile range (IQR). Our primary analysis compared those who visited the emergency department in the interstage period between stage II and stage III palliation with those who did not. We then performed a similar secondary analysis comparing patients who were admitted to the hospital from the emergency department with those patients who were not admitted, regardless of whether they had any visits to the emergency department. Differences between these groups were compared using Mann-Whitney U tests or χ 2 tests as appropriate for each variable. Odds ratios (ORs) were used to determine the likelihood of visiting the emergency department. P value <0.05 was considered statistically significant. Table 1 .
Thirty-one (66%) of 47 patients had at least 1 emergency department visit for a total of 95 visits. The median number of emergency department visits by those with at least 1 emergency department visit was 3 (IQR, 1-4). Four of 6 patients who had not yet undergone the stage III palliation had emergency department visits before the end of the study period. The chief complaints of the emergency department visits are summarized in Table 2 . The majority of patients had either a respiratory (41%) or gastrointestinal (19%) complaint. Twenty-five (53%) patients had at least 1 hospital admission from the emergency FIGURE 1. Stage II surgical palliation for hypoplastic left heart (ie, the Hemi-Fontan procedure). The superior vena cava is anastomosed to the pulmonary artery, and the patch is placed between the SCV and right atrium. Cerebral and upper extremity blood passively flows to the lungs through the pulmonary artery via the superior vena cava. Oxygenated pulmonary venous blood then enters a common atrium, mixes with deoxygenated blood from the inferior vena cava, and enters the right ventricle where it is pumped through the neoaorta (created during the stage I Norwood procedure) to the systemic circulation. Table 3 . Only 1 patient had greater than mild atrioventricular valve regurgitation on discharge echocardiogram. Median postoperative length of stay after stage II palliation was significantly longer in those children requiring emergency department care ( Fig. 2A) . Furthermore, patients with a postoperative length of stay greater than 10 days after stage II palliation were 6 times more likely to visit the emergency department (OR, 6.0; 95% confidence intervals, 1.4-25.4). Patient characteristics of those who were admitted to the hospital from the emergency department between stage II and stage III palliation as compared with those who were not admitted (regardless of whether they required emergency department care) are provided in Table 4 . Median postoperative length of stay after stage II palliation was also significantly longer in patients readmitted to the hospital after stage II palliation as illustrated in Figure 2B . Moreover, median length of stay in the 8 patients requiring admission to the pediatric intensive care unit was significantly longer than the 39 patients who did not require pediatric intensive care unit admission, 14.5 (IQR, 9.75-17.75) versus 8 (IQR, 6-11), P = 0.042.
DISCUSSION
Approximately 300 to 400 infants are born each year in the United States with a single ventricle congenital heart disease or 1 per 10,000 live births. 8 Due to advances in perioperative and postoperative management, more of these infants are surviving later into childhood and adulthood and are therefore likely to use the emergency department for medical care. The results of our study confirm that patients with single ventricle anatomy and physiology frequently use the emergency department after stage II palliation. Moreover, based on the fact that nearly half of all visits resulted in admission to the hospital, well above the general ED visit-to-admission ratio at our institution, the level of disease acuity with which these children present is considerably more than the average child visiting the emergency department.
Although the risk of sudden catastrophic cardiac death decreases markedly after the stage II superior cavopulmonary anastomosis, these children remain more fragile than those with conventional 2 ventricle anatomy and physiology. For example, common childhood illnesses such as viral gastroenteritis or bronchiolitis still have the potential to result in severe symptomatology. After the second surgical stage, pulmonary blood flow is completely dependent on passive flow from the superior vena cava to the pulmonary artery. Mild-to-moderate dehydration, which can most often be easily managed in children with normal cardiac anatomy, can be life threatening in patients with superior cavopulmonary anastomoses, because it leads to decreased driving pressure for pulmonary blood flow and consequent hypoxemia, acidosis, and hemodynamic instability. Patients with common community-acquired illnesses such as bronchiolitis or pneumonia are also at high risk for decompensation because they have increased pulmonary vascular resistance due to lung disease. This increase in pulmonary vascular resistance increases pulmonary vascular pressure, which will limit pulmonary blood flow more so than in patients who receive pulmonary blood flow from a contracting, pressure-generating cardiac ventricle. These patients will be dependent on a higher systemic venous pressure to drive more blood flow into the pulmonary circulation. In this study, many of these infants presented with either respiratory or gastrointestinal complaints, resulting in varying degrees of the aforementioned undesirable clinical repercussions.
In multiple studies, younger age at time of the second surgical stage, atrioventricular valve regurgitation, and ventricular dysfunction have been shown to be significant risk factors for poor outcomes after stage II palliation. [9] [10] [11] In this study, however, clinically significant atrioventricular valve regurgitation was uncommon and neither age nor diminished ventricular function appeared to increase risk for emergency department visits or hospital admission. Rather, a prolonged course after stage II palliation was significantly associated with more frequent use of the emergency department as well as hospital and pediatric intensive care unit admission from the emergency department. These findings suggest that longer postoperative recovery was associated with emergency department presentations at all levels of disease severity-mild, moderate, and severe. Further, considering the vast array of symptomatology that can prompt emergency department visitation, the greater cumulative morbidity experienced by children with protracted postoperative courses is more likely to predispose to emergency department care and hospital readmission than any demographic or physiologic variables.
The subset of patients with a history of hybrid palliation also had a high risk of morbidity in this study. All 4 patients who died had a history of hybrid palliation. In addition, all 7 hybrid patients who were discharged after stage II palliation required emergency department care and 6 of 7 had at least 1 admission to the hospital from the emergency department. In our institution, the hybrid approach is typically used in patients who are at high risk of mortality for the Norwood procedure (ie, prematurity, congenital anomalies, multiorgan dysfunction before stage I). We speculate that the additional comorbidities likely to be present in these patients contributed to their more tumultuous interstage courses.
The frequent use of the emergency department among patients with single ventricle anatomy and physiology after stage II palliation in this study further emphasizes the important role of the emergency department in the care of these complex infants. Emergency department personnel should be familiar with the unique aspects of their physiology. In our previous study, many surveyed ED physicians were "unsure" of the appropriate range for arterial oxygen saturations in infants after stage I palliation. 5 We speculate that they would also be uncertain of the appropriate range of arterial oxygen saturations after stage II palliation. For example, the normal oxygen saturation range for patients after stage II palliation is 75% to 90%. Due to intracardiac mixing between pulmonary venous return and systemic venous return in a common atrium, pulse oximetry saturation values more than 90% are unusual and, in many cases, impossible to achieve. One of the infants who required admission to the pediatric intensive care unit presented to an outside emergency department with symptoms of an upper respiratory infection. Despite a relatively mild degree of respiratory distress and oxygen saturation as determined by pulse oximetry of 80%, he was endotracheally intubated in the emergency department because of perceived hypoxemia unresponsive to supplemental oxygen. After transfer to the pediatric intensive care unit, he showed little evidence of respiratory pathology and was quickly extubated without incident. The invasive and potentially detrimental procedure of endotracheal intubation was likely unnecessary and may have been prevented by a better familiarity of the emergency staff with this disease.
We acknowledge that the overall number of single ventricle patients seen by emergency department physicians remains a very small fraction of patients seen in the emergency department each year. We presume that this is the reason why, as demonstrated in our previous study, that education on the initial stabilization and management of patients with single ventricle anatomy and physiology is considered to be low priority by many emergency department physicians. 5 We assert, however, that the high acuity of emergency department presentation, now demonstrated at 2 different stages in the lives of these children, warrants educational efforts focused on single ventricle anatomy and physiology and aimed at emergency department health professionals.
There are some limitations to this study. First, the retrospective review was limited to those patients who visited the emergency department at our institution or who were transferred to our institution from outside emergency departments for admission to the hospital. Some patients could have had emergency department visits at outside hospitals that were not captured during our data collection, and we therefore may be underestimating the number of emergency department visits. Secondly, early stage II palliation procedures (ie, age < 4 months) are rarely performed at our institution and these patients have been shown to be more cyanotic initially and to have increased postoperative lengths of stay as compared with patients who undergo the procedure with the more traditional time frame.
12,13 Hence, although age was not identified as a risk factor for emergency department visitation in this study, it could influence emergency department needs at centers in which early stage II procedures are more common. In addition, patients who had not yet had their stage III palliation procedures could have had additional emergency department visits after the end of the study period that were not included in this study. These data would likely have not altered our results unless the majority of these children were part of the cohort that did not require emergency department visits, which was not the case. Lastly, the small size of the cohort prohibited us for determining whether certain less frequent risk factors that have been shown to affect single ventricle outcomes (eg, heterotaxy, genetic abnormalities, common atrioventricular valve) had an effect on emergency department use. Despite these limitations, our data highlight the important role of the emergency department in the management of patients with single ventricle anatomy and physiology.
